The objective of the study was twofold: (i) to quantify the differences in daily 19 milk yield (DMY) and total milk yield (TMY) between lame and non-lame dairy ewes 20 and (ii) to determine the shape of lactation curves around the lameness incident. The 21 overall study was a prospective study of lameness for the surveyed sheep population, 22 with a nested study including the selection of matching controls for each lame ewe 23 separately. Two intensively reared flocks of purebred Chios ewes and a total of 283 24 1 ewes were used. Data, including gait assessment and DMY records, were collected on 25 a weekly basis during on-farm visits across the milking period. A general linear model 26 was developed for the calculation of lactation curves of lame and non-lame ewes, 27 whereas one-way ANOVAs were used for the comparisons between lame ewes and 28 their controls. Lameness incidence was 12.4% and 16.8% in Farm A and B, 29 respectively. Average DMY in lame ewes was significantly lower (213.8 g, P<0.001) 30 compared with the rest of the flock, where DMY averaged at 1.340 g. The highest 31 DMY reduction in lame ewes was observed during the 16 th week of the milking 32 period (P<0.001), whereas, the reduction of DMY, for lame ewes, remained 33 significant at P<0.001 level from the eighth to the 28 th week of milking. The 34 comparisons between lame and controls revealed that at the week of lameness 35 diagnosis a significant DMY reduction (P≤0.001) was observed in lame ewes (about 36 32.5%), which was maximized one week later (35.8%, P≤0.001) and continued for 37 several weeks after recovery, resulting in 19.3% lower TMY for lame ewes for the 38 first 210 days of milking period (P<0.01). Moreover, at flock level, TMYs for non-39 lame and lame ewes, as calculated by the general linear model, were 318.9 kg and 40 268.0 kg, respectively. The results of this study demonstrate an evidence of significant 41 financial losses in dairy sheep due to lameness, which though, need to be accurately 42 estimated in further, more detailed, analyses. 43 44 45 46 KEYWORDS: lameness, dairy sheep, milk yield, lactation curves 47 2 2008, on Farms A and B, respectively, were considered for the study. Both farms 97 were located in Northern Greece (Farm A: 20m above sea level, latitude 40˚17'18'', 98 longitude 23˚09'29'' and Farm B 107 m above sea level, latitude 39˚22'43'', 99 longitude 22˚51'37''). A sheep shed providing a floor area of 2 m 2 /ewe and a volume 100 of about 10 m 3 /ewe was available on Farm A, but ventilation was moderate. On Farm 101 B, a shed providing a floor area of 2 m 2 /ewe and a volume of 12 m 3 /ewe was available 102 while ventilation was adequate in this case; fans were installed and operated when 103 necessary. Barley straw was used as bedding on both farms. During winter, fresh 104 bedding was added every other day; in spring and summer periods this interval was 105 extended to 5-10 days, depending on bedding condition. The bedding was removed 106 and premises were disinfected twice a year on Farm A and three times per year on 107 Farm B, using a combination of commercial disinfectants and lime. Ewes had access, 108
INTRODUCTION
Lameness is a departure from normal gait, caused by disease or injury in some 49 part of limbs or trunk, usually accompanied with pain (Boden, 1998) . The aetiology 50 can be broadly classified as either genetic, congenital, physical injury or infection 51 (Coulon et al. 1996 ; Green et al. 2002; Winter, 2004) . The notion is that lameness is 52 one of the most important health problems in sheep, related not only to impaired 53 animal welfare but to production losses, as well. Most of the available information on 54 sheep lameness relates to meat/wool producing breeds, with well documented 55 evidence of the causes, prevalence, incidence and economic consequences (Green & 56 George, 2008; Kaler & Green, 2008) , which include weight loss, reproductive failure 57 and reduced wool production (Stewart et al. 1984; Marshall et al. 1991; Eze, 2002) . 58 However, it is dairy sheep production that is the major industry in Greece and most 59 Mediterranean countries (De Rancourt et al. 2006; Gelasakis et al. 2012) , with its 60 renowned culinary specialties, like Feta and Roquefort cheeses. Therefore, detailed 61 information regarding the effect of lameness on sheep milk production is warranted. 62 In dairy sheep, lameness incidence has been found to show high variability 63 depending on both physiological and environmental factors (Gelasakis et al. 2013) . 64 Moreover, in the majority of cases and irrespective of the problem's magnitude within 65 the flocks, farmers underestimate lameness incidence and tend to disregard the 66 negative effects of lameness on milk production (Gelasakis et al. 2010 ). This attitude 67 bears a striking resemblance with that of dairy cow farmers (Espejo et al. 2006; Leach 68 et al. 2010) . It is well established, though, that lameness is associated with a 69 significant reduction in milk yield in this species (Warnick et al. 2001; Green et al. 70 2002; Bicalho et al. 2008 ). Further research is expected to facilitate the better 71 3 understanding of the significance of the problem in dairy sheep as in the case of dairy 72 cows (Huxley, 2013) . 73 Besides the welfare issues, one factor that could raise dairy sheep farmers' 74 awareness on lameness is to demonstrate its cost. In this respect, the quantification of 75 lameness impact on milk production is a prerequisite. Moreover, as with all diseases, Hence, the objective of the present study was twofold. First, to quantify the 83 differences in daily milk yield (DMY) and total milk yield (TMY) between lame and 84 non-lame ewes and secondly, to determine the shape of lactation curves around the 85 lameness incident in order to explore the possibility to use milk recording data as an 86 early diagnostic tool. 
MATERIALS AND METHODS

89
Two intensively reared flocks of purebred Chios ewes were used for the study. On Farm A, feeding of ewes during the experimental period was based on 119 alfalfa hay (1.0-1.6 kg/ewe/day), barley straw (0.2-0.5 kg/ewe/day) and concentrates 120 (0.7-1.5 kg/ewe/day) comprising of corn grain (35.0%), barley grain (32.5%), soybean 121 meal (30.0%) and a mineral/vitamin supplement (2.5%). The amount of ration offered 122 was adjusted to group milk yield and pasture availability. Rations were offered in Experimental design 146 The overall study was a prospective study of lameness for the surveyed sheep This is a follow up study of a previously published work (Gelasakis at al., 296 2010). In the aforementioned study, part of the data from Farm A was forced into a 297 different general linear model in order to calculate the effect of lameness on total milk 298 production; a reduction of about 20% was found. In the present study, a significant 299 decrease in lame ewes' DMY was observed when comparison was made both at flock 300 level on the prospective study and on individual ewe level (nested case-control study).
301
This is not surprising as a reduction on milk yield has also been reported in meat 302 sheep breeds (Winter, 2004) but research is limited.
303
Milk yield in dairy cows has been found to be lower (Rajala-Schultz et al. Is high milk production predisposing dairy ewes to lameness? The majority of 340 cases in this study were diagnosed during the first four months postlambing, when 341 milk yield was highest. However, due to the seasonal pattern of milk production the 342 high lameness incidence coincided with the season that environmental humidity levels 343 were also high (January to April). This is a major predisposing factor (Gelasakis et al. 344 2009) and may confound our results. Results reported in Table 2 imply that ewes 345 selected as controls had higher milk production than the other non-lame ewes; they 346 had an advantage of 53.7 kg of milk over lame ewes in the first 210 days of milking 347 period whereas all non-lame ewes (controls included) had an advantage of 50.9 kg for 348 the entire milking period (34 weeks). This is an indication that high milk production is 349 indeed associated to lameness which is, also, supported by results from research on 350 cows (Oikonomou et al. 2013 ).
351
The partial effects of different causes of lameness on milk yield were not 352 possible to be estimated given the low number of cases per causative agent.
353
Estimating the latter effects forms an interesting research topic for future studies on 354 dairy sheep. However, the notion is that the negative effect of lameness on milk 355 production could be due to the fact that stress and pain result in lower feed 356 consumption. This is considered the major factor associated with decreased milk yield 357 in meat sheep breeds, where, chronic lameness has been proved to have a significant 358 15 negative effect on body condition (Stewart et al. 1984; Marshall et al. 1991) . Lame 359 ewes may be underfed at pasture consuming a low quality and quantity of grass. This 360 situation is certainly prevalent in animals covering their nutritional demands partially 361 or totally from grazing. In our study, this scenario doesn't seem viable as the 362 nutritional demands were covered by daily provision of an adequate ration in the shed.
363
On Farm A, the grazing ground was very close to the shed and pasture quality was 364 always very good. In any case, the highest prevalence of lameness and the subsequent 365 reduction in milk yield were mainly observed during the winter months, when ewes 366 didn't graze. A more reasonable hypothesis would be that lame ewes are not able to 367 compete for a place at the feeding trough, which results on the consumption of lower 368 quantity and, eventually, quality of feed. This scenario seems more viable in our case, 369 even though feeding troughs provided, in theory, sufficient space for each ewe. In 370 order to prove it, though, the behavioural pattern of intensively reared lame ewes 371 should be assessed, using observational techniques, which forms an important subject 372 of future research. Lower feed consumption could also result from the presence of 373 inflammatory factors (e.g. cytokines interleukin-1 and interleukin-6); some of these 374 factors are known to cause anorexia in laboratory animals (Harden et al. 2008 ).
375
The fact that milk production is already significantly lower one week prior to 
